Synergistic kinetic interactions between components of the phosphorelay controlling sporulation in Bacillus subtilis.
The four individual phosphotransfer steps in the multicomponent phosphorelay system controlling sporulation in Bacillus subtilis have been characterized kinetically using highly purified samples of the individual protein components in vitro. The autophosphorylation of KinA is the initial occurrence, and a divalent metal ion is required. KinA-mediated phosphotransfer, which displays a 57,000-fold preference (kcat/Km) for catalysis of Spo0F-P formation relative to Spo0A-P formation, is shown to proceed via a hybrid ping-pong/sequential mechanism with pronounced (> or = 40-fold) substrate synergism by Spo0F of KinA autophosphorylation. In addition, evidence is presented for formation of an abortive KinA.Spo0F complex. Kinetic parameters derived for Spo0F-P and Spo0A as substrates for Spo0B, the second phosphotransferase in the phosphorelay chain, indicate that Spo0B-mediated production of Spo0A-P is 1.1-million-fold more efficient (kcat/KSpo0A) than the direct KinA-mediated process. A rationale is presented for a four component cascade as the means for controlling sporulation, which focuses on the utility of synergistic interactions among the phosphorelay components that may be modulated by environmental stimuli.